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Description 

[0001] This invention relates to power circuits for re- 
luctance machines. The invention is particularly appli- 
cable to a power circuit for switched reluctance drives. 
[0002] Switched reluctance (SR) drives drawing pow- 
er from an alternating current (ac) source of voltage, re- 
quire a rectifier circuit, eg. a single phase or three phase 
bridge circuit comprising, for example, four or six diodes 
to create an intermediate direct voltage source. The di- 
rect output voltage from the bridge rectifier is smoothed 
by a dc link capacitor assembly across which the SR 
power converter, supplying the SR machine, is connect- 
ed. The SR power converter includes, for example, ac- 
tive power semi-conductor switches, which sequentially 
connect and disconnect the intermediate voltage 
source, smoothed by the dc link capacitor, to the SR ma- 
chine winding(s), and diodes through which winding cur- 
rents, still present when the active switches are turned 
off, are returned to the dc link capacitor. 
[0003] A typical prior art circuit is illustrated in Figure 
1 of the drawings. The phase windings of the 3-phase 
SR machine are denoted by W 1 , W 2 , W 3 . When the SR 
machine is operating as a motor, power flows from the 
ac source voltage, via the rectifier and SR power con- 
verter, to the SR machine. If, however, the SR machine 
is required to produce a braking torque, ie. to generate, 
power flows from the SR machine via the SR converter 
to the dc link capacitor. Since the diode rectifier does 
not permit current to be returned to the ac source of volt- 
age, the generated power charges the dc link capacitor 
to a higher voltage, placing additional voltage stresses 
on the power conversion system. Only a limited amount 
of regenerated energy can be stored safely in the dc link 
capacitor. 

[0004] If an SR drive is required to operate in the gen- 
erating mode to an extent where the regenerated energy 
is greater than can safely be stored in the dc link capac- 
itor, a known means of absorbing the regenerated power 
is to dissipate it in a dynamic braking resistor connected 
in parallel with the dc link capacitor by a semi-conductor 
power switch. The switch is activated only when the dc 
link voltage exceeds a threshold value approximately 
equal to the peak value of the ac voltage source. While 
this is a relatively simple technique to implement, all the 
energy dissipated in the braking resistor is lost. This is 
inefficient. 

[0005] Another known means of absorbing the regen- 
erated power is to interpose a thyristor bridge inverter 
circuit, including one or more inductors connected be- 
tween its dc terminals and those of the dc link capacitor, 
with its ac terminals connected either directly or via a 
transformer to the ac voltage source. A transformer rep- 
resents a cost and weight disadvantage, but if no trans- 
former is used, problems can arise associated with cur- 
rents circulating between the terminals of the ac voltage 
source via one or more of the diodes of the rectifier and 
one or more thyristors of the inverter. 



[0006] According to the prior art, it has been neces- 
sary to provide separate rectification arrangements for 
each machine being driven. Similarly, a separate dc link 
capacitor has been used for each machine. 

5 [0007] In the field of ac induction motors it is known 
to run a plurality of machines using a common inverter. 
However it is well known in the art of switched reluctance 
machines that this is not possible because each SR ma- 
chine has its own switching timing requirements, locked 

10 to the speed of rotation of each individual rotor. 

[0008] Nevertheless, DE-A-4 105 162 discloses a 
power circuit for brushless motor according to the pre- 
amble of claim 1 . 

[0009] It is an object of the present invention to pro- 
fs vide common power circuit elements for a plurality of 
independently controllable reluctance machines, there- 
by realising reductions in components, and thus in the 
cost and weight of such a power circuit, and improve- 
ments in efficiency. 
20 [0010] The system and method of the present inven- 
tion is defined in the accompanying independent claims 
1 and 6. Some preferred features of the system are re- 
cited in the dependent claims. 

[0011] Preferably, a single dc link capacitor is con- 
25 nected across the dc output of the rectifier. This still fur- 
ther reduces the component count of the power circuit 
by providing a single dc link capacitor common to all 
switching circuits connected across the dc output of the 
rectifier. Thus, the invention allows the use of only one 
30 rectifier and, preferably, one dc link capacitor for a group 
of reluctance machines. It will be appreciated by the per- 
son of ordinary skill that a set of capacitors connected 
in series or parallel could be used in place of a single 
capacitor. This may be necessary to achieve the correct 
35 voltage rating for a particular application. The word 'ca- 
pacitor' is intended to embrace such serial or parallel 
sets of capacitors unless the context otherwise dictates. 
[0012] Furthermore, the invention has the advantage 
of allowing the power generated by one or more ma- 
40 chine(s) working in a generating mode to be delivered 
to one or more other machines, connected to the same 
single rectifier, drawing power in a motoring mode. The 
energy delivered back to the dc linkby one or more other 
reluctance machines connected with the power circuit 
45 is distributable between the other machine(s) through 
their independent power switching circuits, thereby us- 
ing more efficiently the total power drawn at the ac input 
to the rectifier. This is based on the inventor's recogni- 
tion of the fact that the motoring and generating modes 
50 of a reluctance machine can be exploited using conven- 
tional components in a new and advantageous way 
while still reducing the component count of the power 
circuit as a whole. 

[0013] Preferably, the rectifier is an assembly of diode 
55 rectifiers, for example a diode bridge rectifier. 

[0014] The invention can be put into practice in vari- 
ous ways some of which will now be described by way 
of example with reference to the accompanying draw- 
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ings in which : 

Figure 1 is acircuit diagram of a known power circuit 
for a switched reluctance machine; 
Figure 2 is a circuit diagram of a power circuit ac- 
cording to the invention; and 
Figure 3 is a schematic diagram of a switched re- 
luctance drive system incorporating a further em- 
bodiment of a power circuit according to the inven- 
tion. 

[0015] Referring to Figure 2 of the drawings, a power 
circuit according to the present invention comprises a 
rectifier assembly 10 for each of three alternating cur- 
rent (ac) input phases on lines A, B, C. The rectifier as- 
sembly 1 0 comprises pairs of serially connected diodes 
12 arranged to conduct in the same direction for each 
input phase. The pairs of diodes are connected together 
in parallel. Each of the input lines A,B,C is respectively 
connected between the corresponding pair of diodes 12. 
A dc link capacitor assembly 1 4 is connected in parallel 
with the pairs of diodes 12. Although a single capacitor 
is shown for convenience, in practice this is often imple- 
mented by capacitors connected in series or parallel to 
give the ratings and characteristics required by the de- 
signer for a particular application. The dc link capacitor 
14 smooths the rectified ac output of the rectifier 10 to 
provide a substantially constant output voltage between 
upper and lower power lines 16 and 18. 
[0016] In Figure 2 three separately controllable 
switched reluctance machines 20;22;24 notionally rep- 
resented by their phase windings 26 are connected with 
the smooth rectified output of the rectifier 1 0 across the 
dc link capacitor 14. As in Figure 1 , each machine shown 
in Figure 2 is a three phase machine comprising a wind- 
ing 26 for each phase. First and second semiconductor 
switches 28;30 are connected to each end of the wind- 
ing 26 as part of a power switching circuit. The switches 
28;30 connect the winding between the upper and lower 
power rails 1 6 and 1 8 and control the energy delivered 
to and extracted from the machine. A first recirculating 
diode 34 is connected to conduct from between the 
winding 26 and the second switch 30 to the upper power 
rail 16. A second recirculating diode 36 is connected to 
conduct from the lower power rail 1 8 to between the 
winding 26 and the first switch 28. 
[001 7] It will be seen in Figure 2 that each machine is 
similarly connected, having a switch and diode arrange- 
ment as described above for each phase winding of 
each machine. While three machines are illustrated in 
Figure 2, the skilled person will appreciate that any other 
number of switched reluctance machines can be con- 
nected to such a rectifier and dc link capacitor, each with 
its own switching arrangement. The limit is dependent 
on the power handling capabilities of the rectifier 1 0 and 
the rating of the dc link capacitor 14. 
[0018] According to the invention, the rectifier has a 
smoothed dc output between the upper and lower power 



rails 16 and 18 which is switched across the windings 
according to switched reluctance machine control tech- 
niques that are known in the art. 
[0019] The invention has the further benefit of being 
5 able to transfer power between machines. For example, 
if the first and third machines 20 and 24 are motoring, 
ie. drawing power from the power rails 16 and 18, and 
the second machine 22 is generating, ie. delivering en- 
ergy to the said power rails, it will be seen that the energy 
10 delivered by the machine 22 is usefully available to the 
first and third machines 20 and 24 rather than being dis- 
sipated in a resistor, as known in the prior art. 
[0020] Figure 3 illustrates a switched reluctance drive 
system in which a power circuit according to the inven- 
ts tion is connected to a pair of switched reluctance ma- 
chines. For the sake of convenience the rectifier 10 in 
Figure 3 is depicted schematically but can be the same 
as that illustrated in Figure 2. The output of the rectifier 
1 0 is connected to the upper and lower power rails of a 
20 pair of power switching circuits 40 and 42 as in Figure 
2. However, in this embodiment separate dc link capac- 
itors 44 and 46 are connected individually across the 
power rails of each respective power circuit 40 and 42. 
The three phase outputs of each power switching circuit 
25 are connected across the phase windings of switched 
reluctance machines 48 and 50, each having a stator 
and a rotor, in conventional manner. As in the previous 
embodiment, the single rectifier is able to supply power 
to both of the power switching circuits 40 and 42. The 
30 rectifier output is smoothed by the separate capacitors 
44 and 46. In the event that one of the machines is in a 
generating mode, the energy delivered by it to the power 
circuit is available to charge both capacitors. Thus, the 
ability to charge one of the dc link capacitors for use by 
35 another machine is also usefully exploited in this em- 
bodiment of the invention. 

[0021] It will be apparent that the power capabilities 
of the power switching circuits have to be able to handle 
the power requirements of the reluctance machines to 
40 which they are connected. On the other hand, the rec- 
tifier used should be designed to cope with delivering 
sufficient power to all the connected machines. The dc 
link capacitor used may be individual to a particular ma- 
chine and, therefore, should have a power handling ca- 
45 pability in accordance with known reluctance machine 
power circuit design. However, in the case of the com- 
mon dc link capacitor of the embodiment such as that 
in Figure 2, the power handling requirements of that ca- 
pacitor have to take into account the increased burden 
50 of supplying power to, and absorbing power from, all the 
machines connected with the power circuit of the inven- 
tion. 

[0022] The invention may also be used to provide a 
common supply from a rectified ac source and also to 
55 arrange for one or more of the machines to be arranged 
to run as an auxiliary or stand-by generator for use in 
the event of ac supply failure. 

[0023] Although the invention has been described in 
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terms of rotary machines, the skilled person will be 
aware that the same principles of operation can be ap- 
plied to a linear reluctance motor to equal effect. The 
moving member of a linear motor is referred to in the art 
as a rotor. The term 'rotor' used herein is intended to 
embrace the moving member of linear motor as well. 
[0024] The principles of the invention which have 
been disclosed by way of the above examples can be 
implemented using various circuit types and arrange- 
ments. The rectifier may be a different form from that 
shown in Figures 2 and 3, for example a single-phase 
or a half-wave, either controlled or uncontrolled rectifier 
all as known in the art. Similarly, the switching circuits 
may be designed according to other known design tech- 
niques to equal effect. Many different types of switching 
devices can be used, such as thyristors, gate turn-off 
thyristors, power transistors, MOSFETs or other switch- 
ing devices. Those skilled in the art will readily recognise 
that these and other modifications and changes may be 
made to the present invention without strictly following 
the exemplary applications illustrated and described 
herein and without departing from the scope of the 
present invention which is set forth in the following 
claims. 



Claims 

1. An electrical machine drive system comprising a 
plurality of electrical machines (20,22,24), each 
having a stator and a rotor, a power circuit including 
a voltage rectifier (1 0) having an alternating current 
(ac) input and a direct current (dc) output, and a plu- 
rality of independently actuatable switching circuits 
(28,30,34,36) connected to the dc output of the rec- 
tifier, each switching circuit being arranged to con- 
trol the energy in the or each phase of a respective 
one of the electrical machines, characterised in 
that: 

a) the electrical machines are switched reluc- 
tance machines (20,22,24); and in that 

b) at least one of the machines is arranged to 
run as a standby generator actuatable to supply 
power to the other machine or machines in the 
event of a power failure at the rectifier. 

2. A circuit as claimed in claim 1 in which a single 
smoothing capacitor is connected across the dc 
output of the rectifier. 

3. A circuit as claimed in claim 1 in which a smoothing 
capacitor is connected across each switching cir- 
cuit. 

4. A circuit as claimed in any of claims 1 , 2 and 3 in 
which the rectifier is a diode rectifier. 



5. A circuit as claimed in any of claims 1 , 2, 3 and 4 in 
which the switching circuit comprises one or more 
semi-conductor switches. 

5 6. A method of operating a plurality of switched reluc- 
tance machines, each machine comprising a stator 
and a rotor, a power circuit including a voltage rec- 
tifier having an alternating current (ac) input and a 
direct current (dc) output, and a plurality of inde- 

10 pendently actuatable switching circuits connected 
to the dc output of the rectifier; each switching circuit 
being arranged to control a respective one of the 
switched reluctance machines, the method com- 
prising: 

15 

running one or more of the machines in a power 
generating mode to supply electrical power; 
and 

running one or more of the remaining machines 
20 in a motoring mode, taking electrical power 

supplied by the machines running in the power 
generating mode. 



25 Patentanspriiche 

1. Elektrisches Maschinenantriebssystem, umfas- 
send eine Mehrzahl von elektrischen Maschinen 
(20, 22, 24), von denen jede einen Stator und einen 

30 Rotor besitzt, eine Stromversorgungsschaltung mit 
einem Spannungsgleichrichter (10), welcher einen 
Wechselstrom-(AC)-Eingnng und einen Gleich- 
strom-(DC)-Ausgang aufweist, sowie eine Mehr- 
zahl von unabhangig voneinander betatigbaren 

35 Schaltkreisen (28, 30, 34, 36), welche mit dem DC- 
Ausgang des Gleichrichters verbunden sind, wobei 
jeder Schaltkreis so gestaltet ist, daB er die Energie 
in der oder jeder Phase einer jeweiligen der elektri- 
schen Maschinen steuert, dadurch gekennzeich- 

40 net, daB 

a) die elektrischen Maschinen geschaltete Re- 
luktanzmaschinen (20, 22, 24) sind; und daB 

b) mindestens eine der Maschinen so gestaltet 
45 ist, daB sie als Reservegenerator betrieben 

werden kann, urn im Falle eines Stromausfalles 
am Gleichrichter Energie zu der anderen Ma- 
schine oder zu den anderen Maschinen zuzu- 
fuhren. 

50 

2. Schaltung nach Anspruch 1, in welcher ein einzel- 
ner Glattkondensator parallel zum DC-Ausgang 
des Gleichrichters geschaltet ist. 

55 3. Schaltung nach Anspruch 1, in welcher ein Glatt- 
kondensator parallel zu jedem Schaltkreis geschal- 
tet ist. 
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4. Schaltung nach einem oder mehreren der Anspru- 
che 1 , 2 und 3, in welcher der Gleichrichter ein Di- 
odengleichrichter ist. 

5. Schaltung nach einem oder mehreren der Anspru- 
che 1 , 2, 3 und 4, in welcher der Schaltkreis einen 
oder mehrere Halbleiter-Schalter umfaBt. 

6. Verfahren zum Betrieb einer Mehrzahl von geschal- 
teten Reluktanzmaschinen, wobei jede Maschine 
einen Stator und einen Rotor, eine Stromversor- 
gungsschaltung mit einem Spannungsgleichrichter, 
welcher einen Wechsekstrom-(AC)-Eingang und 
einen Gleichstrom-(DC)-Ausgang aufweist, und ei- 
ne Mehrzahl von unabhangig voneinander betatig- 
baren Schaltkreisen, welche mit dem DC-Ausgang 
des Gleichrichters verbunden sind, umfaRt; und je- 
der Schaltkreis so gestaltet ist, daB er jeweils eine 
der geschalteten Reluktanzmaschinen steuert, wo- 
bei das Verfahren umfaGt: 



Revendications 

1. Systeme d'entralnement de machines electriques, 
comprenant une pluralite de machines electriques 35 
(20, 22, 24), chacune ayant un stator et un rotor, un 
circuit d'alimentation comprenant un redresseur de 
tension (10) ayant une entree de courant alternatif 
(ca) et une sortie de courant continu (cc), et une 
pluralite de circuits de commutation (28, 30, 34, 36) 40 
qui peuvent etre commandes independamment et 
qui sont connectes a la sortie ccdu redresseur, cha- 
que circuit de commutation etant agence pour com- 
mander I'energie de la phase ou de chaque phase 
d'une machine respective des machines electri- 45 
ques, caracterise en ce que : 



a faire tourner une ou plusieurs des machines 
en mode generateur d'energie pour delivrer 
une alimentation electrique, et 
a faire tourner une ou plusieurs des machines 
restantes en mode moteur, tirant de I'energie 
electrique delivree par les machines tournant 
en mode generateur d'energie. 



10 



15 



20 

Betreiben von einerodervon mehreren der Ma- 
schinen im Energieerzeugungsmodus, urn 
elektrische Energie zu erzeugen; und 
Betreiben von einer oder von mehreren der ub- 25 
rigen Maschinen im Motor-Modus welche die 
von den Maschinen, die im Energieorzeu- 
gungsmodus betrieben werden, erzeugte elek- 
trische Energie aufnehmen. 



condensateur d'egalisation est connecte aux bor- 
nes de la sortie cc du redresseur. 

3. Circuit selon la revendication 1 , dans lequel un con- 
densateur d'egalisation est connecte aux bornes de 
chaque circuit de commutation. 

4. Circuit selon I'une quelconque des revendications 
1, 2 et 3, dans lequel le redresseur est un redres- 
seur a diodes. 

5. Circuit selon I'une quelconque des revendications 
1, 2, 3 et 4, dans lequel le circuit de commutation 
comprend un ou plusieurs commutateurs a semi- 
conducteurs. 

6. Procede pour faire fonctionner une pluralite de ma- 
chines a reluctance commutee, chaque machine 
comprenant un stator etun rotor, un circuit d'alimen- 
tation comprenant un redresseur de tension ayant 
une entree de courant alternatif (ca) et une sortie 
de courant continu (cc), et une pluralite de circuits 
de commutation qui peuvent etre commandes inde- 
pendamment et qui sont connectes a la sortie cc du 
redresseur, chaque circuit de commutation etant 
agence pour commander une machine respective 
des machines a reluctance commutee, le procede 
comprenant les etapes consistant : 



a) les machines electriques sont des machines 
a reluctance commutee (20, 22, 24), et en ce 
que 50 

b) au moins I'une des machines est amenagee 
pour tourner en generateur de reserve qui peut 
etre commande pour delivrer de I'energie a 
I'autre ou aux autres machines dans le cas 
d'une defaillance en energie au niveau du re- 55 
dresseur. 



2. Circuit selon la revendication 1 , dans lequel un seul 
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